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CORK  STORAGE 


Ccnditicn  of  Corn  at  Experimental  pin  sites 

During  the  quarter  the  corn  stored  at  all  but  five  of  the  experi- 
mental bin  sites  has  been  disposed  of  owing  to  the  heavy  demand  for  corn. 
Those  remaining  are  locatea  in  Henry,  story,  and  Montgomery  Counties  in 
Iowa,  and  Yellow  Medicine  and  Nicollet  Counties  in  Minnesota.  C-Ting  to 
the  lack  of  corn  available  for  experimental  purposes  this  phase  of  the 
insect  control  program  has  had  to  be  greatly  curtailed.  Headquarters 
have  been  transferred  to  Hutchinson,  Kansas  and  future  research  work 
"will  be  devoted  largely  to  wheat  .storage  problems.  Results  obtained 
with  the  fumigation  of  corn  bins  are  included  with  the  report  on  wheat 
fumigation. 


V HEaT  S T GRAu-  E 


• Condition  of  wheat  .in-  Storage  at  Experimental  plots  

During  July  and  August,  the  regular  quarterly  samples  were  taken 
from  the  bins  on  the  experimental  storage  sites  at  both  Jamestown, 

North  Dakota,  and  Hutchinson,  Kansas.  Insect  infestation  was  deter- 
mined from  the  examination  of  average  samples  taken  from  each  bin. 

Insect  populations  in  the  Jamestown  bins  remained  at  a low  level. 
Out  of  a total  of  166  bins  sampled,  4 bins  (2.5%)  were  found  to  be 
infested  with  insects,  and  mites  were  found  in  25  bins  (15.1%). 

At  Hutchinson,  there  has  been  a tremendous  increase  in  insect  popu- 
lation since  the  May  sampling.  Out  of  104  bins  sampled,  86  per  cent 
were  found  to  be  infested,  60’  per  cent  grading  weevily,  as  compared  with 
26  per  cent  infested  and  5 per  cent  weevily  at  the  time  of  the  May 
sampling.  The  August  samples  were  taxen  before  the  regularly  scheduled 
annual  fumigation  was  done  late  in  August.  Bins  in  the  management 
series'  scheduled  for  turning  and  cleaning  to  control  insects  present  a 
more  serious  problem,  and  it  is  doubtful  if  satisfactory  control  can  be 
obtained  by  this  method.’  A more  detailed  discussion  of  this  phase  of 
the  work  is  given  later  in  this  report. 

The  comparative  infestation  at  the  two  storage  sites  since  the 
establishment  cf  the  project  in  1940  is  given  in  table  1. 


* Reported  by  H.  H.  Walkden  and  R.  B.  Schwit zgebel,  U*  S*  Department  cf 
Agriculture,  Bureau  of  Entomology  and  plant  Quarantine. 
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Table  Is  — Conpariscn  of  the  insect  infestation  in  wheat  stored  at 
Jamestown*  North  Dakota,  and  at  Hutchinson,  Kansas, 
October,  1911,  to  August,  1943. 


ja: 

lestown, 

North  Dakota 

Hutchinson,  Kansas 

No. 

Vvee- 

Inf  e s - 

Total 

No. 

Lee- 

Inf e s - 

Total 

bins 

vily 

ted, 

infes- 

bins 

vily 

ted. 

infes- 

Sampling 

sam- 

bins 

not  wee- 

ted 

sam- 

bins 

not  wee- 

ted 

period 

pLed 

(f?) 

vily  (%) 

(%) 

pled 

{%) 

vily  {%) 

{%) 

1941 

Oct . -11  ov . 

139 

1 

18 

19 

144 

9 

31 

40 

1942 

J an. -Feb . 

133 

1 

6 

7 

135 

16 

53 

69 

Apr . -May 

139 

0 

4 

4 

135 

2 

59 

61 

July-Aug. 

142 

0 

6 

6 

124 

0 

43 

43 

Oct . -lTov. 

146 

0 

1 

1 

133 

58 

21 

79 

1943 

jan.-Feb . 

152 

0 

0 

0 

144 

33 

21 

54 

Apr . -May 

164 

0 

0.6 

0.6 

148 

5 

26 

31 

July-Aug. 

166 

0 

2.5 

2.5 

114 

SO 

26 

86 

Only  three  specimens  of  the  rust-red  grain  beetle  (faemophloeus 
f errugineus ) were  found  in  the  Jamestown  samples.  At  Hutchinson  nine 
species  of  stored  grain  insects  were  found,  as  listed  below,  together 
with  their  comparative  abundance. 

Average  number  per 


Species  1000-gm.  sample 

1.  Flat  grain  beetle  (Laemophloeus  minutus  Oliv. ) 7.02 

2.  sawtooth  grain  beetle  ( Oryzae£:)hilus  surinamensis  L.  ) ...  4.97 

3.  Lesser  grain  borer  (Rhyzopertha  dominica  p.)  0.55 

4.  Red  flour  beetle  (Tribolium  castaneum  Kbst.)  0.10 

5.  Rice  weevil  (sit ophilus  oryza  L.  ) 0.0G 

6.  C-ranary  weevil  (sitophilus  granarius  L.)  0.01 

7.  Long-headed  flour  beetle  (j.atheticus  oryzae  Waterh.)  ...  0.01 

8.  Cadelle  (Tenebroides  mauritanicus  L.)  0.01 

9.  Hairy  fungus  beetle  (Typhaea  stercorea  L.)  0.01 


Effect  of  Turning  and  Cleaning  Wheat  on  insect  populations 

During  the  quarter  it  became  necessary  to  turn  and  clean* **  for 
the  second  time  this  year*  those  bins  in  the  "turning  and  cleaning’* 
group  of  the  management  series.  The  results  are  given  in  table  2. 

It  should  be  borne  in  mind  that  after  the  wheat  has  been  given  its 
initial  cleaning*  subsequent  turning  and  cleaning  removes  little  but 
the  free  living  insect  forms.  A total  of  three  1000-bushel  bins  and 
six  2740-bushel  bins  were  turned  and  cleaned.  From  the  table  it  may 
be  seen  that  the  percentage  of  insects  removed  by  the  cleaning  opera- 
tion varied  from  49  to  93  per  cent  of  the  bran  bugs  and  from  zero  to 
100  per  cent  of  the  weevils*  the  average  for  the  whole  series  of  bins 
being  78  per  cent  of  the  bran  bugs  and  31  per  cent  of  the  weevils. 

The  low  percentage  reduction  in  the  weevil  population  makes  this 
method  of  insect  control  of  doubtful  value*  and  past  experience  indi- 
cates that  bins  so  treated  continue  to  give  trouble.  It  is  expected 
that  a majority  of  these  bins  will  require  fumigation  before  winter, 
thus  eliminating  them  from  this  series.  As  a means  of  controlling 
insects  in  wheat  stored  in  steel  bins*  turning  and  cleaning  the  grain 
gives  no  promise  of  being  of  any  practical  value. 


Table  2:  — Insect  populations  in  wheat  stored  in  steel  bins*  before 
and  after  turning  and  cleaning.  Hutchinson*  Kansas* 
September*  1943 


Bin 

Before  turning  and 

After  turning  and 

clean in 

Capa- 

city 

in 

bu. 

cleaning 

No./M 

grams 

^ removed 

Total 

insects 

removed 

{%) 

Bran* 

bugs 

Weevils 

Bran 

bugs 

Wee- 

vils 

Bran 

bugs 

Wee- 

vils 

2-15 

1000 

133 

18 

68 

35 

49 

mcrease 

32 

i-l 

1 

1 1 

1100 

137 

8 

14 

1 

90 

88 

89 

3-15 

1000 

101 

22 

30 

8 

70 

64 

69 

8-10 

2740 

299 

2 

91 

0 

70 

100 

70 

8-11 

2740 

40 

24 

10 

24 

75 

0 

47 

5-7 

2740 

122 

20 

15 

3 

88 

65 

87 

5-8 

2740 

25 

3 

4 

3 

84 

0 

75 

5-11 

2740 

80 

4 

8 

3 

90 

25 

87 

11-8 

2740 

O v ~s 

C,  J__L 

6 

14 

0 

93 

100 

93 

Totals 

1148 

1C  7 

253 

74 

Averages 

78 

31 

74 

* sawtooth  grain  beetle.  Flat  grain  beetle,  and  red  flour  beetle. 

**  Rice  weevil  and  lesser  grain  borer „ 
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Summer  Distribution  of  Insects  .Within  Bins 


As  noted  in  a previous  report,  infestation  is  being  obtained  on  the 
distribution  of  the  insects  within  the  grain  mass  in  wheat  stored  in  steel 
bins.  During  the  August  sampling,  the  individual  probe  samples  composing" 
the  average  sample  were  examined  separately  to  get  additional  data  on  the 
summer  distribution  of  the  insect  populations  within  the  bins.  These  data 
are  presented  in  table  3.  A total  of  72  bins  were  sampled*  keeping  the  in- 
dividual probes  separate,  and  of  this  number  14  were  not  infested  and  are 
not  included  in  the  table.  In  the  individual  probe  samples,  the  insect  in- 
festation ranged  from  zero  to  205  insects  per  1000  grams  of  wheat,  while  in 
the  average  samples  the  range  was  from  zero  to  74.4  insects  per  1000  grams. 
Sixty-one  per  cent  of  the  insects  occurred  in  the  upper  half  of  the  bins  as 
compared  with  81  per  cent  at  the  time  of  the  May  sampling.  The  greatest 
numbers  of  insects  were  found  in  the  centers  of  the  bins,  with  those  in  the 
south  quadrants  next  in  abundance. 


Table  3:  — Quarterly  sampling,  Hutchinson,  Kansas,  July-August,  1943.  Intensity  of  infestation 
in  individual  probe  samples  composing  the  10-probe  average  sample. 
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Experimental  Fumigation  of  Wheat  and  Corn. 


Experimental  fumigation  of  wheat  and  corn  has  been  continued  during 
the  quarter.  Tests  with  carbon  tetrachloride  alone  and  various  mixtures 
of  carbon  tetrachloride  with  ethide,  chloropicrin,  methylallyl  chloride, 
ethylene  dichloride,  and  carbon  bisulphide  have  been  conducted  at  Boone, 
Iowa,  and  Hutchinson,  Kansas.  The  results  of  these  tests  are  presented 
in  tables  4 and  5. 

B -methylallyl  chloride  applied  at  the  rate  of  two  pounds  per  1000 
bushels,  using  carbon  tetrachloride  as  a carrier,  gave  satisfactory 
results  in  both  wheat  and  corn. 

Ethide  performed  well  at  dosages  of  one  pound  per  1000  bushels 
with  carbon  tetrachloride  as  a carrier. in  corn,  while  in  wheat  a dosage 
of  two  pounds  per  1000  bushels  is  indicated. 

Chloropicrin  gave  better  results  in  the  tests  with  corn  than  those 
with  wheat  when  carbon  tetrachloride  was  used  as  a carrier.  Ethylene 
dichloride  appears  to  be  a poor  carrier  for  chloropicrin. 

The  mixture  of  carbon  bisulphide,  20  per  cent,  and  carbon  tetra- 
chloride, 80  per  cent,  continued  to  give  good  results  when  applied  in 
dosages  as  lew  as  two  gallons  per  1000  bushels. 

Further  tests  with  the  ethylene  dichloride-carbon  tetrachloride 
mixture  3-1  confirmed  the  previously  determined  dosage  for  wheat  of  four 
gallons  per  1000  bushels  in  caulked  steel  bins.  A dosage  of  six  gallons 
per  1000  bushels  is  indicated  for  sorghum. 

Additional  tests  were  made  with  carbon  tetrachloride  alone.  Better 
results  were  obtained  in  wheat  than  in  corn  at  dosages  of  two  gallons 
per  1000  bushels.  The  one-  and  two-gallon  dosages  were  run  in  the  Boone, 
Iowa,  corn  bins  as  a check  on  the  effectiveness  of  ethide, . B -methylallyl 
chloride,  and  chloropicrin.  At  one  gallon  per  1000  bushels,  carbon 
tetrachloride  gave  an  average  kill  of  56  per  cent,  while  at  two  gallons 
per  1000  bushels  the  kill  rose  to  76  per  cent.  The  addition  of  the 
various  materials  as  indicated  in  table  5 increased  the  mortality  as 
shown.  It  would  appear  that  carbon  tetrachloride  alone  is  an  effective 
fumigant,  but  its  effectiveness  against  different  species  varies  con- 
siderably, as  do  the  other  materials  used  in  the  Boone  tests,  as  shown 
in  table  6.  From  this  table  it  may  be  seen  that  the  resistance  of 
the  different  species  to  the  various  fumigants  is  quite  constant — the 
sawtooth  grain  beetle  being  least  resistant,  with  the  red  flour  beetle, 
lesser  grain  borer,  and  rice  weevil  .increasingly  resistant  in  the  order 
named.  Approximately  51,000  insects  were  used  in  the  experimental 
fumigation  of  the  corn  at  Boone,  Iowa. 
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Table  4:  — Results  of  experimental  fumigation  of  wheat  stored  in  steel  bins 
Hutchinson*  Kansas 


Dosage 

Capa- 

per 

Mortality 

Bin 

city 

1000  bu. 

pat ive 

Fumigant 

No. 

(bu.) 

(6al-) 

probes 

population 

Remarks 

B -met hy la 1 Iv 1 

1-6 

1000 

2 

99 

100 

Floor*  walls  caulked 

chloride  \6% 

1-7 

1000 

2 

100 

99 

do 

in  carbon 

10-7 

2000 

2 

100 

— 

do 

tetrachloride 

10-8 

2000 

2 

100 

-- » 

do 

9-12 

2740 

1.5 

100 

-- 

do 

B-methylallyl 

9-11 

2740 

1.5 

100 

— 

do 

chloride  20 % 
in  carbon 
tetrachloride 

3-methylallyl 

3-8 

1000 

1.5 

100 

94 

do 

chloride  25% 

3-9 

1000 

1.5 

100 

98 

do 

in  carbon 
tetrachloride 

9-10 

2740 

1.5 

100 

do 

Ethide  1 lb . in 

2-4 

1000 

2 

100 

100 

do 

carbon  tetra- 
chloride to  make 
1 gal . 

2-5 

1000 

2 

100 

100 

do 

Ethide  1.5  lbs.  in 

2-6 

1000 

2 

100 

99 

do 

carbon  tetra- 
chloride to  make 
1 gal. 

2-7 

1000 

2 

100 

100 

do 

Ethide  2 lbs*  in 

1-1 

1000 

1.5 

100 

92 

do 

carbon  tetra- 

3-5 

1000 

1.5 

100 

89 

do 

chloride  to  make 

5-3 

2740 

1 

100 

— 

do 

1 gal. 

12-9 

2740 

1.5 

100 

-- 

do 

Ethide  2.5  lbs.  in 

2-8 

1000 

1 

100 

' 81 

do 

carbon  tetra- 
chloride to  make 
1 gal. 

2-9 

1000 

1 

96 

60 

do 

Ethide  3 lbs.  in 

1-12 

1000 

1 

96 

' 76 

do 

carbon  tetra- 
chloride to  make 
1 gal. 

CO 
1 — 1 

1 

rH 

1000 

1 

100 

96. 

do 

Chlcropicrin  2 lbs 

2-13 

1000 

1.25 

89 

98 

do 

in  carbon  tetra- 
chloride to  make 

3-4 

1000 

1.5 

100 

76 

do 

1 gal. 

4-4  

s \ 

• 

(continued ) 
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Table  4,  (continued) 


• 

• 

Dosage 

: Capa- 

per 

Mortality 

Bin  : c ity 

1000  bu. 

Nat ive 

Fumigant 

No.  :(bu.) 

(eal-) 

Frobes 

population 

Remarks 

Chloropicrin  2 lbs 

• 

4-8  : 1000 

1 

. 75 

40 

Floor,  walls  caulked 

in  ethylene  di- 

4-9  : 1000 

1 

64 

20 

do 

chloride  to  make 

• 

1-gal. 

• 

- 

Chloropicrin  2.5 

• 

4-6  j '.IOOO 

1 

98 

70 

do 

lbs.  in  ethylene 

...4-7  : 1000 

1 

77 

74 

do 

dichloride  to 

» 

- . • 

make  1 gal. 

• * 

Carbon  bisulphide 

• • 

9-8  : 1500 

1.5 

100 

88 

do 

20%,  carbon 

11-6  : 2740 

1.5 

100 

— 

Floor  only  caulked 

tetrachloride 

5-6  : 1000 

2 

100 

98 

Floor,  walls  caulked 

80$ 

3-7  : 1000 

2 

100 

100 

do 

4-15:  1250 

2 

98 

— 

do 

9-8  : 1500 

2 

100 

do 

10-7  : 2000 

2 

100 

— 

do 

11-6  : 2740 

2 

100 

— 

Floor  only  caulked 

9-12:  2740 

2 

99 

Floor,  walls  caulked 

6-13:  4000 

2 

99 

— 

do 

Ethylene  dichloride 

*6-9  : 2740 

2.5 

96 

100 

do 

75%, carbon  tetra- 

*4-14:  1000 

3 

100 

100 

do 

chloride  25% 

2-12:  1000 

4 

100 

97 

do 

(powfume  75) 

3-12:  1000 

4 

100 

99 

do 

1-10:  1000 

4 

— 

100 

do 

1-11:  1000 

4 

-- 

100 

do 

2-10:  1000 

4 

— 

100 

do 

2-11:  1000 

4 

— 

100 

do 

3-13:  1000 

4 

— 

99 

do 

^-7  : 1000 

4 

100 

93 

perforated  floor 

i-8  : 1000 

4 

98 

95 

do 

9-1  : 2740 

4 

100 

99 

Floor,  walls  caulked 

10-1  : 2740 

4 

96 

99 

do 

10-2  : 2740 

4 

100 

100 

do 

11-1  : 2740 

4. 

100 

100 

perforated  ventilator 

: 

tube 

i-14:  1000 

6 

-- 

91 

Sorghum 

Carbon  tetra- 

• 

1-8  : 1000 

2 

100 

99 

Floor,  walls  caulked 

chloride  alone 

1-9  : 1000 

2 

100 

96 

do 

(12.5%  moisture) 

^-9  : 1000 

2 

100 

— 

do 

( d°  ) 

i-10:  1000 

2 

100 

— 

do 

( 12%  moisture) 

4-13:  1000 

2 

100 

— 

do 

4-16:  1000 

2 

100 

— 

do 

( 9%  moisture) 

i-3  : 1000 

2 

100 

— 

do 

( do  ) 

J-6  : 1000 

2 

100 

— 

do 

1-4  : 1000 

2 

99 

— 

do 

9-9  : 1500 

1.5 

100 

100 

do 

11-7  : 2740 

1.5 

1Q0 

— 

Floor  only  caulked 

* p.fter  turning  and  cleaning. 
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Table  5:  — Results  of  experimental  fumigation  of  shelled  corn  in 
steel  bins*  Boone,  Iowa.  (Uncaulked  bins) 


Fumigant 


:Capa- 
3 in  : c it  y 
No . : (bu « ) 


Date 

treated 


Mor- 

tality 

(%) 


3-methylallyl  chloride  1.4  lbs.  in 
carbon  tetrachloride  to  make 


2 gallons  (9%  mixture) 

B-methylallyl  chloride  1.9  lbs.  in 
carbon  tetrachloride  to  make 
2 gals.  (12.5%  mixture) 

B-methylallyl  chloride  2.8  lbs.  in 
carbon  tetrachloride  to  make 
2 gallons  (16%  mixture) 

Ethide  1 lb.  in  carbon  tetrachloride 
to  make  1 gallon 


Ethide  1 lb . in  barbon  .tetrachloride 
to  make  2 gallons 

Chloropicrin  1 lb . in  carbon  tetra- 
chloride to  make  1 gallon 

Chloropicrin  1 lb . in  carbon  tetra- 
chloride to  make  2 gallons 

Carbon  tetrachloride,  alone 


299:  2740 

7/29/43 

2 

90.0 

414:  2740 

7/30/43 

2 

78.7 

43:  2000 

7/30/43 

2 

88.0 

46:  2000 

7/29/43 

2 

83.9 

• 

300:  2740 

7/29/43 

2 

98.6 

305:  2740 

7/30/43 

•2 

96.2 

42:  2000 

7/29/43 

2 

83.8 

47:  2000 

7/30/43 

2 

91.2 

409:  2740 

7/29/43 

2 

96. 5. 

41:  2000 

7/29/43 

2 

90.2 

48:  2000 

7/30/43 

2 

95.4 

• 

299:  2740 

9/  6/43 

1 

94.2 

47:  2000 

9/  6/43 

1 

96.7 

48?  2000 

9/  6/43 

1 

96.0 

300:  2740 

9/  6/43 

2 

99.8 

43:  2000 

9/  6/43 

2 

98.0 

46:  2000 

9/  6/43 

2 

99.3 

• 

299:  2740 

9/13/43 

1 

100.0 

47:  2000 

9/13/43 

1 

100.0 

48:  2000 

9/13/43 

1 

100.0 

300:  2740 

9/13/43 

2 

100.0 

43:  2000 

9/13A3 

2 

100.0 

46:  2000 

9/13/43 

2 

100.0 

409:  2740 

9/  6/43 

1 

48.2 

409:  2740 

9/13/43 

1 

64.0 

42:  2000 

9/  6/43 

1 

56.9 

42:  2000 

9/13/43 

1 

55.7 

305:  2740 

9/  6/43 

2 

70.6 

305:  2740 

9/13/43 

2 

83.2 

41:  2000 

9/  6/43 

2 

74.5 

41:  2000 

9/13/43 

2 

75.7 
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Table  6:  — Comparative  resistance  to  fumigants  of  different  stored 
grain  insects  used  as  check  insects  in  fumigation  of 
shelled  corn  stored  in  steel  bins*  Boone,  Iowa. 


Dosage 

Per 

cent  survival 

Fumigant 

per  M 
bu . 

(6al- ) 

Sawtooth 

grain 

beetle 

Rod 

flour 

beetle 

Lesser 

grain 

borer 

Rice 

wee- 

vil 

Carbon  tetrachloride,  alone 

1 

13.4 

31.5 

41.8 

57.9 

Carbon  tetrachloride,  alone 

2 

5.1 

9.8 

23.1 

40.2 

Ethide,  1 lb.,  in  carbon  tetra- 
chloride to  make  1 gallon 

1 

•0 

2.9 

2.5 

6.9 

Ethide,  1 lb.,  in  carbon  tetra- 
chloride to  make  2 gallons 

2 

0 

0.3 

0.4 

1.7 

B-methylallyl  chloride  1.4  lbs. 
in  CCI4  to  make  2 gallons 

2 

7.7 

13.3 

— 

18.3 

B-methylallyl  chloride  1.9  lbs. 
in  CCI4  'to  make  2 gallons 

2 

2.5 

8.5 

12.4 

B-methylallyl  chloride  2.8  lbs. 
. in  CCI4  to  make  2 gallons 

2 

2.9' 

8.2 

7.3 
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Effect  of  Fumigants  on  Germination  and  Baking  and  Milling  Qualities 
of  Wheat 


In  previous  experiments  wheat  samples  of  11.5$  moisture  content, 
fumigated  with  normal  dosages  of  our  common  grain  fumigants,  showed  no 
significant  loss  in  germination  after  a period  of  3 months  and  there 
were  no  significant  differences  in  milling  or  baking  values.  Samples 
treated  with  dosages  of  20  pounds  of  methyl  bromide  and  20  pounds  of 
chloropicrin  per  1,000  bushels  showed  a gradual  decrease  In  germination 
and  at  the  end  of  3 months  the  germination  had  dropped  from  97  to  15  and 
73$  respectively.  Baking  tests  showed  a significant  reduction  in  loaf 
volume  in  the  case  of  the  methyl  bromide  treated  wheat  the  germination 
, of  which  had  been  reduced  to  15$. 

Since  it  is  evident  from  previous  tests  that  the  moisture  content 
of  the  grain  is  the  most  important  factor  controlling,  injury  from  fumi- 
gants, the  experiment  was  repeated  using  grain  with  a moisture  content 
of  10.5$,  12.5$,  and  14$. 

• Samples  of  each  type  of  wheat  were  fumigated  for  24  hours  with 
methyl  bromide,  chloropicrin,  hydrocyanic  acid,  carbon  disulfide,  carbon 
disulfide-carbon  tetrachloride  l*-4  mixture,  ethylene  dichloride-carbon 
tetrachloride  3-1  mixture,  Ethide-carbon  tetrachloride  mixture,  chloro- 
picrin-carbon  tetrachloride  mixture  and  ethylene  dichloride  - carbon 
tetrachloride-methyl  bromide  mixture. 

One  lot  of  each  sample  was  aerated  and  stored  in  a cotton  bag 
sc  that  aeration  would  continue,  while  the  other  lot  was  held  in  the 
tightly  sealed  container  in  which  it  was  fumigated.  Samples  were  taken 
after  1 week  and  are  being  taken  at  monthly  intervals  for  germination 
tests,  baking  tests,  etc. 

The  results  of  germination  tests  to  date  are  given  in  table  7. 

Normal  dosages  of  all  fumigants  were  used  with  the  exception  of 
methyl  bromide  and  chloropicrin,  where  a 40  pound  dosage  of  each  chemical 
was  used  to  obtain  an  immediate  kill  of  the  germ. 


* Reported  by  R.  T.  Cotton  and  J.  C-  Frankenfeld,  United  states  Department 
of  Agriculture,  Bureau  of  Entomology  and  plant  Quarantine  in  cooperation 
with  the  Milling  Department  of  Kansas  State  College. 
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Table  7:  — SfTect  0f  fumigants  on  germination  of  wheat  as  influenced  by 
dosage#  grain  moisture#  length  of  exposure#  etc. 


: Dosage 


Moisture 


a/0  germination 


germination 


Fumigant 

per 

1000 

bushels 

content 

of 

grain 

of  aerated 
sample  after 

of  non-aerated 
sample  after 

1 week 

1 month 

1 week:  1 month 

{%) 

Check 

10.5 

87 

96 

do 

12.5 

59 

98 

do 

14.0 

89 

89 

Methyl  bromide 

40  lbs. 

10.5 

5 : 2* 

do 

40  lbs. 

12.5 

0 ; 0* 

do 

40  lbs. 

14.0 

0 : ' 0* 

Chloropicrin 

40  lbs. 

10.5 

0 : 3* 

do 

40  lbs. 

12.5 

0 : 10* 

do 

40  lbs. 

14.0 

0 : 10* 

Cyanogas 

15  lbs. 

10.5- 

91 

97 

: 97 

do 

15  lbs. 

12.5 

61 

94 

: 92 

do 

15  lbs. 

14.0 

86 

95 

: 92 

Ethylene  dichloride-carbon 

tetrachloride  (3-1) 

6 gals  . 

10.5 

88 

95 

: 96 

do 

6 gals. 

12.5  ■ 

64 

94 

: 93 

do 

6 gals. 

14.0 

89 

93 

: 90 

Carbon  disulfide 

3 gals. 

10.5 

90 

95 

1 95 

do 

3 gals. 

12.5 

65 

94 

: 87 

do 

3 gals. 

14.0 

85 

93 

: 77 

Carbon  disulfide-carbon 

tetrachloride  (1-4  mixture) 

3 gals. 

10.5 

89 

97 

: 93 

do 

3 gals. 

12.5% 

62 

95 

: 95 

do 

3 gals. 

14.0 

90 

92 

: 86 

do 

6 gals. 

10.5 

90 

95 

: 89 

do 

6 gals. 

12.5 

68 

95 

: 87 

do 

6 gals. 

14.0 

88 

93 

: 79 

3 lbs.  Ethide  in  carbon 

tetrachloride  to  make  1 gal. 

1 gal. 

10.5 

86 

96 

: 93 

do 

1 gal. 

12.5 

68 

95 

: 87 

do 

1 gal. 

14.0 

90 

93 

: 82 

3 lbs.  Chloropicrin  in  CCI4 

to  make  1 gallon 

1 gal. 

10.5 

88 

96 

: 76 

do 

1 gal. 

12.5 

56 

89 

: 78 

do 

1 gal. 

14.0 

62 

64 

: 39 

Dcwfume  Br  10 

2 gals. 

10.5 

86 

94 

: 91 

do 

2 gals . 

12.5 

45 

93 

: 75 

do 

2 gals. 

0 

• 

1 — 1 

81 

92 

: 61 

* 


These  heavily  fumigated  samples  were  not  held  in  tightly  sealed 
containers  after  the  1st  month  when  germination  was  apparently 
completely  killed. 
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Normal  dosages  of  the  fumigants  used  in  the  experiment  caused 
no  injury  to  germination*  when  the  wheat  was  aerated  after  the  24-hour 
exposure  period,  with  the  exception  of  the  chloropicrin  - carbon 
tetrachloride  mixture  which  caused  damage  to  the  germination  of  the 
14%  moisture  wheat.  At  the  end  of  1 month  the  germination  was  reduced 
to  64%,  The  low  germination  of  the. 12. 5%  moisture  wheat  at  the  end  of 
1 week  was  due  to  the  fact  that  it  was  newly  harvested  wheat  p„nd  the 
germination  did  not  reach  its  maximum  until  some  time  had  elapsed. 

In  the  case  of  the  non-aerated  samples,  germination  damage  at  the 
end  of  1 month  was  evident  in  the  case  of  all  three  moisture  variable 
wheats' but  was  most  pronounced  in  the  Case  of  the  14%  moisture  wheat 
where  the  germination  was  reduced  to  39%. 

With  Dowfume  Br  10  germination  was  reduced  to  61%  in  the  14% 
wheat  and  75%  with  the  12.5%  wheat. 

With  carbon  disulfide  germination  was  reduced  to  77%  in  the  14% 
wheat  and  87%  with  the  12.5%  wheat. 

Slight  injury  was  also  obtained  with  mixtures  containing  carbon 
disulfide  with  14%  wheat  and  with  all  moisture  wheats  when  a 6 gallon' 
dosage  was  used. 


Baking  Tests 

Baking  tests  were  made  only  with  the  wheats  showing  nearly  complet 
germination  damage,  i.  e.,  those  fumigated  with  40  pound  dosages  of 
methyl  bromide  and  chloropicrin.  Data  indicating  the  effect  on  loaf 
volume  are  given  in  table  8.  , - , 
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Table  8:  — Effect  of  germination  damage  on  loaf  volume. 


Treatment  of  wheat 

Grain 

moisture 

% 

protein 

Percent 

germination 

Loaf 

volume 

40  lbs.  methyl  bromide  for  24  hrs. 

10.5 

13.3 

2 

800 

40  lbs.  chloropicrin  for  24  hrs. 

10.5 

13.3 

3 

770 

Check  untreated 

10.5 

13.3 

. .'96 

810 

40  lbs.  methyl  bromide  for  24  hrs. 

12.5 

11 

0 

625 

40  lbs.  chloropicrin  for  24  hrs. 

12.5  -• 

11 

10-  1 

542 

Check  . 

12.5 

11 

96 

750 

40  lbs.  methyl  bromide  for  24  hrs. 

14.0 

10.5 

0 

585 

40  lbs.  chloropicrin  for  24  hrs. 

14.0 

10.5 

10 

638 

Check 

14.0 

10.5 

96 

683 

Flour  made  from  the  fumigated  wheat  in  all  cases  retained  a strong 
odor  even  though  the  wheat  was  allowed  to  aerate  for  approximately  6 weeks 
after  treatment. 

The  data  of  table  8 indicate  that  fumigation  of  the  wheat  with  heavy 
dosages  of  both  methyl  bromide  and  chloropicrin  causes  a reduction  in  loaf 
volume  except  in  the  case  of  the  low  moisture  and  high  protein  wheat  where 
the  difference  in  loaf  volume  is  not  great  enough  to  be  significant. 

Until  further  tests  can  be  made  it  is  unsafe  to  attempt  to  draw  con- 
clusions as  to  the  exact  cause  of  the  reduction  in  loaf  volume. 

Tests  of  the  12.5%  wheats  by  Dr.  Davidson  indicate  that  in  the  fumi- 
gated wheats  the  catalase  is  damaged.  Germ  damage  appears  to  be  correlated 
with  the  reduction  in  baking  values  in  some  cases*  but  not  in  all. 
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Effect  of  Moisture  and  Temperature  on  the  Reproduction  of  the  Granary 
and  Rice  Weevil* 


On  pages  23  to  28  of  Report  No.  8 a discussion  was  given  relative 
to  the  survival  of  the  granary  and  rice  weevils  reared  in  12,  13,  and 
14%  moisture  wheat  at  80d  and  85°  F:.  Due  to  the  fact  that  the  emergence 
of  progeny  of  these  two  insects  extends  over  a longer  period  than  the 
established  time  for  the  survival  of  the  original  adults,  the  discussion 
on  the  effect  of  moisture  and  temperature  on  reproduction  was  omitted. 

In  order  to  obtain  an  accurate:  measure  of  the  reproduction  of  the 
granary  and  rice  weevil,  the  grain  to  which  the  original  adults  are  ex- 
posed, is  removed  every  two  weeks  and  placed  in  .pint  mason  jars.  As  soon 
as  emergence  starts,  these  lots  are  examined  daily' and  the  adult  weevil 
are  removed  and  counted.  By  removing  the  adults  daily  the  chances  of  any 
reproduction  by  these  progeny  is  prevented,  so  that-  the  number  of  weevil  . 
obtained  from  these  lots  represent  the  actual  reproduction  .by- the  original 
adults  used  in  the  tests. 

It  will  be  noted  from  the  data  of  table  9 that  the  number  of 'progeny 
of  granary  weevil  increases  with  the  increase  in  the  moisture  content  of 
the  wheat.  At  a constant  temperature  of  80®  F.>  the. number  of  progeny 
produced  by  100  adult  granary  weevil  over  a period- of.  19  weeks,  in  12,  13,. 
and  14%  moisture  wheat  was  5089,  9321,  and  10,950  respectively;  and  at 
85°  F.  the  number  of.  progeny  was  4053,  6718,  and  8047.  In  general,  the 
greatest  reproduction  takes  place  between  the  4th;  and.  9th  week  of  the  life 
of  the  weevil.  After  the  9th  week  reproduction  gradually  decreases  in  all 
lots  until  by  the  end  of  the  19th  week  it  is  practically  negligible.  The 
decline  in  reproduction  as  shown  by  the  biweekly  infested  lots,  is  more 
pronounced  in  the  lower  moisture  wheat,  in  both  the  80°  and  85°  F.  series. 

To  date,  tests  have  been  completed  in  12,  13,  and  14%  moisture  wheat 
at  temperatures  of  70°,  75°,  80°,  and  85°  F.  and  the  total  number  of 
progeny  recovered  from  these  tests  are  summarized  in  table  10.  In  Report 
No.  8,  pages  29  to  31,  it  was  noted  that  at  70°  F.  and  75°  F. * greatest 
reproduction  of  granary  weevil  occurred  in  13%  moisture  wheat,  and  it  was 
assumed  that  at  these  temperatures  13%  wheat  represented  a more  nearly 
optimum  condition  for  the  granary  weevil.  When,  however,  the  temperature 
is  increased  to  80°  and  85°  F . , greatest  reproduction  occurred  in  the  14% 
moisture  wheat,  indicating  that  as  the  temperature  is  increased  optimum 
conditions  for  reproduction  demands  an  increase  in  the  moisture  content 
of  the  grain.  This_  condition,  although  far  from  being  definitely  estab- 
lished, is  further  emphasized  by  the  general  decrease  in  reproduction  

when  the  temperature  is  raised- to  85°  F.  Although  the  greatest  reproduc- 
tion took  place  in  14%  wheat  it  was  considerably ' less  than  that  occurring 
in  14%  wheat  at  80°  F.  : . 


* Reported  by  R.  T»  Cotton  and-  J.  C.  Frankenfeld. 
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Table  9:  — Showing  the  biweekly  reproduction  of  granary  weevil  in  12,  13, 
and  14%  moisture  wheat  at  80°  and  85°  F. 


Nu:.rJbor  "of  progony  produced  at  80°  F»  during 


Moisture 

content 

of  wheat 

1st 

:vrek 

TncTlT 

3rd 

week 

4th  & 
5th 
week 

6th  & • 8hh  & 
17 th  : 9ih 
week;  week 

10  oh  & 
11th 
week 

12th  <*, 
13th 
week 

lath  & 
15  th 
we  3 k 

16th  & 
17th 
week 

18th  & 
19th 
week 

Total 

12  %,  ' 

177 

1077 

1158 

974:  812 

576 

206 

92 

15 

2 

5089 

13%  ■ . 

405 

1599 

1565 

• 

1684:  1211 

1212 

790 

665 

189 

1 

9321 

14%  h 

572 

1397 

1421 

• 

1919:  1968 

1754 

1273 

431 

46 

169 

•10950 

Number  of  progeny  produced  at  85 °F*  during 


Moisture 
content 
of  wheat 

:2nd  & 
1st:  3rd 
week:  week 

4th  & 
5th 
week 

6th  & • 8th  & 
7th  : 9th 
week:  week 

10th  & 
11th 
week 

12th  & 
13th 
week 

14th  & 
15th 
week 

16th  & 
17th 
week 

18  t h Sc 
19th 
week 

Total 

12% 

• 

263:  727 

1338 

525:  615 

389 

151 

35 

8 

2 

4053 

13% 

• 

359 : 1100 

1449 

• 

1136:  1071 

731 

467 

257 

132 

16 

6718 

14% 

e 

480 : 1135 

• 

• 

1129 

• 

1377  i 1303 
t 

1242 

900 

425 

8 

8 - 

8047 

Table  10:  — Showing  the  number  of  progeny  of  granary  weevil 
produced  in  12,  13,  and  14%  moisture  wheat  at 

70°,  75°,  80%  and  85°  F. 


Number  of  progeny  produced  in 


Temperature 

12%  Wheat 

13%  Wheat 

14%  Wheat 

70°  F. 

2826 

5517 

3645 

75°  F. 

3361 

4436 

2588 

00 

o 

o 

• 

5089 

9321 

10950 

85°  F. 

4053 

6718 

r 

8047 
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The  decided  increase  in  reproduction  at  80°  F»  over  that  in  70° 
and  75°  in  all  three  moisture  variant  wheats  is  not  entirely  due 
to  the  increased  temperature.  It  will  be  remembered  that  in  the  dis- 
cussion of  the  results  of  the  tests  conducted  at  70°  and  75°  F.  it  was 
stated  that  our  supply  of  wheat  used  at  the  start  of  this  series  had 
been  depleted  and  could  not  be  replenished,  necessitating  a change  to 
another  lot,  which  contained  a high  percentage  of  ’’'yellow  berry’'’1.  This 
latter  wheat  was  used  throughout  the  tests  conducted  at  80°  and  85°  F. 

I-t  was  shown  in  the  discussion  of  the  70°  and  75®  F.  series  that  this 
softer  wheat  was  apparently  more  desirable-  for  the  breeding  of  the 
granary  and  rice  weevil,  and  unquestionably  is  at  least  partly  re sp on r 
sible  for  the... increase* -in  reproduction  at  80'°  *F. 

In  the.-ca.se  of  the -rice ^weevil  .the- effect  of  both  temperature  and 
moisture  upon^reproduction  i-s-more^^'onouheedhand  also'more  consistent. 

At  a given  temperature  the  amount  of  reproduction  increases  as  the  mois- 
ture content  of  the  wheat  is  increased.  And  at  a given  moisture  content, 
reproduction  increases  as  the ’temperature  is  increased.  Thus,  at  80°  F. 
the  number  recovered  in  12,  13,  and  14$  moisture  wheat  was  9661, 

10,267,  and  13,551  respectively*  At  85°  F»  the  rate  of  reproduction  in- 
creased up  to  the  end  of  the  5th  week,  when  a decrease  -in  all  moisture 
variants  occurred  owing  to  a sudden  high  mortality  of  the  rice  weevil 
adults  in  these  "culture's.  S©©  Report  No.  8,  page.  2-5-,-  -This  high  mortality 
at  the  end.  of  the  5th  week  was  doubtless  due  to  the  naturally4  shorter  . 
life  of  the  weevil  at  this  temperature. 
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Table  11:  — showing  the  biweekly  reproduction  of  rice  weevil  in  12,  13# 
and  14$  moisture  wheat  at  80®  and  85°  F. 


Moisture 
content 
of  wheat 


1st 

week 


Tnd  & 
3rd 
week 


4th  & 
5th 
week 


Number  of  progeny 


6th  & 
7th 
week 


8th  & 
9th 
week 


loth  & 
11th 
week 


l&th  & 
13th 
week 


14th  & 
15th 

week 


10th  & 
17th 
week 


xowi  oc 

19th 

week 


Total 


12% 

625 

2390 

2419 

1429 

1425 

903 

352 

72 

41 

5 

9661 

15% 

1122 

2365 

1766 

1621 

1382 

1108 

580 

259 

37 

27 

10267 

14$ 

1581 

2948 

2441 

1787 

1667 

1386 

846 

518 

69 

8 

13551 

Number  of 

progeny  produced  at  85°  F 

during 

Moisture 
content 
of  wheat 

1st 

week 

2nd  & 
3rd 
week 

4th  & 
5th 
week 

6th  &s 
7th  : 
week: 

8th 

9th 

week 

10th  & 
11th 
week 

12th  & 
13th 
week 

14th  & 
15th 
week 

16th  & 
17th 
week 

18th  & 
19th 
week 

Total 

12% 

824 

2051 

1125 

413: 

: 

537: 

345 

212 

82 

32 

5 

1 

5090 

15% 

1115 

1861 

1713 

445 

308 

199 

156 

93 

9 

6436 

14$ 

1365 

2573 

1464 

403: 

• 

178 

5983 

Table  12  : --  Showing  the  number  of  progeny  of  rice  weevil 
produced  in  12,  13,  and  14$  moisture  wheat  at 
70°,  75°,  80°,  and  85°  F. 


Temperature 

Number 

of  progeny  produced  in 

12$  Wheat 

13$  Wheat 

14$  Wheat 

70°  F. 

4827 

8692 

10745 

75°  F. 

4262 

9244 

12444 

80°  f. 

9661 

10267 

13551 

85°  F. 

5090 

6436 

5983 
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Effect  of  the  Amount  of  Dockage  on  the  Ability  of  Tribolium  c onf u sum  to 
Survice  and  Reproduce  in  Wheat  of  Various  Mo i sture - Content* 

The  information  herewith  discussed  is  a continuation  of  the  dis- 
cussion under  the  same  title  on  pages  32  to  33  of  the  8th  Report.  Wheat 
with  a moisture  content  of  9*  12 , and  15%  to  which  various  amounts  of 
dockage  had  been  added  was  infested  with  100  adult  Tribolium  confusum, 
and  kept  at  a constant  temperature  of  80°  F.  At  intervals  of  one  week 
the  various  lots  are  examined  and  the  percentage  of  survival  determined. 
At  the  same  time  the  number;  of  pupae  are  removed-  and  counted,  in  the 
previous  report  the  period  of  time  from  the  start  of  the  series  through 
the  ninth  week  was  discussed,  In  this  report: the  discussion  takes  up 
the  period  of  time  from  the  tenth  week  through  the  nineteenth  week,  at 
which  time  the  series  was  discontinued. 

Table  13  summarizes  the  percentage  of  survival  in  the  various  lots, 
and  in  the  last  column  lists  the  total  number  of  pupae  recovered  for  the 
19  week  period,  in  the  lot  comprised  of  whole  clean  wheat  berries  with 
a moisture  content  of: 9%,  the  percentage  of  survival  had  dropped  to  37% 
at  the  end  of  the  nineteenth  week.  In  all  of  the  other  dockage  variant 
lots  in  the  9%  moisture  series  very  little  difference  is  noted  in  the 
percentage  of  survival.  A slightly  lower  percentage  of  survival  occurred 
in  the  lot  with  0.5%  dockage,  but  this  cannot  be  considered  significant. 

In  the  12  and  15%  moisture  series,  the  survival  in  the  dockage 
variants  lots  remained  very  high,  with  no  significant  variations.  This 
indicates  that  although  dockage  is  a major  factor  in  survival  in  fairly 
dry  wheat,  it  is  not  significant  in  wheat  with  a moisture  content  of 
12%  or  more.  Adult  T.  confusum  are  able  to  derive  sufficient  food  from 
clean  wheat,  if  the  moisture  content  is  high  enough  to  enable  them  to 
gnaw  through  the  bran  coat.  In  these  tests,  feeding  by  T.  confusum  is 
confined  to  the  endosperm  of  broken  berries,  and  the  germ*~of  the  whole 
wheat  berry.  After  a period  of  nineteen  weeks  many  berries  have  had  the 
germ  completely  removed,  and  considerable  feeding  on  the  endosperm 
through  the  germ  end  of  the  berry  is  noted. 

The  presence  of  dockage,  however,  is  a major  factor  in  wheat  from 
the  standpoint  of  larval  development.  Tests  on  the  effect  of  adult 
oviposition  and  egg  hatching  have  shown  that  both  may  take  place  in  an 
atmosphere  of  complete  dryness.  Although  no  tests  have  as  yet  been  con- 
ducted to  determine  whether  the  adults  will  lay  eggs  in  dry  wheat,  we  do 
know  that  they  will  lay  eggs  in  dry  flour,  and  it  seems  reasonable  that 
they  would  also  lay  in  dry  wheat.  The  fragile  newly  hatched  larvae  are 
apparently  unable  to  gain  sufficient  food  from  the  dry  whole  wheat  berry, 
and  are  therefore  dependent  upon  the  finely  ground  dust  or  flour  ’'milled’1 
as  a result  of  adult  feeding.  This  fact  is  fairly  definitely  established 
by  a study  of  the  weekly  summary  of  pupal  recovery. 


* Reported  by  R.  T.  Cotton  and  J.  C*  Frankenfeld. 
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Table  14  lists  the  weekly  recovery  of  pupae  from  the  various 
dockage  lots  of  the  three  moisture  variant  wheats.  It  will  be  noted 
that  in  the  lots  of  9%  moisture  wheat  which  was  free  of  dockage  at 
the  start  of  the  tests  reproduction  was  delayed  three  weeks  as  com- 
pared to  the  other  lots  which  contained  dockage.  It  was  not  until 
the  adults  had  “milled”  sufficient  flour#  that  the  young  larvae  were 
able  to  develop. 

In  all  three  moisture  variant  wheats#  the  number  of  pupae  recovered 
increased  with  the  increased  amount  of  dockage  present  in  the  wheat. 

This  is  not  so  pronounced  in  the  15$  moisture  series  in  the  lots  con- 
taining the  smaller  amounts  of  dockage.  But  in  lots  containing  2$  or 
more  dockage#  the  number  of  pupae  recovered  increased  greatly  as  the 
amount  of  dockage  was  increa-sed.  The  large  number  of  pupae  recovered 
in  the  clean  wheat  of  the  15$.  moisture  series  is  undoubtedly  due  to  the 
easy  “milling”  quality  of.  this  high  moisture  wheat.  \ 

Another  interesting  fact  presents  itself  from  a study  of  those 
reproduction  records.  In  all  of  the  moisture-dockage . variable  lots# 
greatest  recovery  of  pupae  oocurred  during  the  sixth  to  tenth  weeks 
in  which  these  series  of  tests  were  in  progress.  After  the  tenth  week 
there  was'' a gradual  dropping  off  of  pupal  recovery#  until  by  the  nine- 
teenth week  it  was  negligible  for  a number  of  the  lots.  This  is 
particularly  noticeable  in  the  9 and  15$  moisture  series.  While  this 
is  also  true  of  the  12%  moisture  series#  it  is  by  no  means  as  pronounced. 
Just  whet  the  cause  may  be  is  as  yet  not  determined  and  offers  several 
new  leads  which  require  further  investigation. 


Table  13:  — survival  and  reproduction  of  T.  confusum  in  9,  12,  and  15%  moisture  wheat  with  varying  percentages 
of  dockage  at  80°  F- 
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Table  14:  — showing  the  number  of  pupae  of  T-  confusum  from  weekly  examinations  of  9,  12,  and  15%  moisture 
wheat  with  ranging  percentages  oF  dockage  at  80°  F, 
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